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In this survey study of institutions across the US, marked variability in evaluation, treatment, and follow-up of ad-
olescents 12 through 18 years of age with mRNA coronavirus disease 2019 (COVID-19) vaccine-associated myo-
pericarditis was noted. Only one adolescent with life-threatening complications was reported, with no deaths at any
of the participating institutions. (J Pediatr 2021;-:1-6).
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vided byR61HD105591 from theEunice Kennedy ShriverNational Institute of Child Health &
ince April 2021, more than 1000 patients have been
reported to the Vaccine Adverse Event Reporting
System (VAERS) with presumed myopericarditis

following administration of the mRNA coronavirus disease
2019 (COVID-19) (Pfizer-BioNTech, Moderna) vaccine.1

The afflicted patients predominantly have been male and
<16 years of age, a vast majority of whom developed clinical
features of myopericarditis within a few days after receiving
the second mRNA COVID-19 vaccine (Pfizer-BioNTech,
BNT162b2) dose.1 The overall reported incidence of myoper-
icarditis after administration of mRNA COVID-19 vaccine
has been estimated to be 4.2 and 32.4 per million doses
administered in female and male adolescents 12 through
17 years of age, respectively.2,3

Case series4 and several other reports suggest wide vari-
ability in clinical evaluation and treatment of adolescents
12-18 years of age with mRNA COVID-19 vaccine-associated
myopericarditis (VAM) across institutions within the US.5-10

To better assess this variability, we conducted a cross-
sectional survey of pediatric institutions across the US
COVID-19 Coronavirus disease 2019

IVIG Intravenous immunoglobulin

NSAID Nonsteroidal anti-inflammatory drug

PCR Polymerase chain reaction

VAERS Vaccine Adverse Event Reporting System

VAM Vaccine-associated myopericarditis
between July 9, 2021, and August 9, 2021. A secondary objec-
tive of this study was to determine the rate of serious,
life-threatening complications (cardiopulmonary arrest
requiring resuscitation, need for mechanical circulatory sup-
port [extracorporeal membrane oxygenation, Impella or
ventricular assist device use], and death) in these adolescents.

Methods

After we obtained appropriate institutional review board
approval, a questionnaire that inquired about the institutional
practices regarding diagnosis, treatment, and follow-up of ad-
olescents with VAM was emailed to pediatric cardiologists or
pediatric infectious disease specialists at 107 institutions (the
top 100 institutions in theUSNews ranking of pediatric cardi-
ology programs and a few additional programs with which the
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authors were familiar) across the US between July 9, 2021, and
August 9, 2021.11 The surveywas forwarded to content experts
for face validity.12 A follow-up email was sent 2 weeks later if
there was no response to the initial email. Nonparametric sta-
tistical tests were used to evaluate differences in medians, and
P values <.05 were considered significant. The details of the
institutional review board process, the questionnaire, data
analysis, and statistics are provided in Appendices 1 and 2
(available at www.jpeds.com).

Results

Participating Institutions
Fifty-seven institutions (53%) returned a completed survey. As
per the US Census Bureau classification, approximately two-
thirds of the participating institutions were located in either
the Midwest or the South, and a majority had a bed capacity
of >200 beds (Appendix 1, Figure 1, A and B).13 Protocols
and guidelines for treatment of adolescents with VAM were
developed at 15 (n = 26%) of the participating institutions.
Eleven institutions gave permission to publish their protocol.
One institution used their multisystem inflammatory
syndrome in children protocol for evaluation and treatment of
adolescents with VAM. The 9 different VAM protocols used
by the remaining 10 institutions are included in Appendix 3
(available at www.jpeds.com [2 institutions located in different
geographic regions shared a common protocol]).

Clinical Symptoms of Concern Following
Administration of mRNA COVID-19 Vaccine
All 31 institutions that responded to this question reported
chest pain (100%) as a symptom of concern following
administration of mRNA COVID-19 vaccine. Other con-
cerning symptoms included shortness of breath (n = 27,
87%), chest tightness (n = 18, 56%), palpitations (n = 26,
81%), and fever (n = 16, 50%). The median duration of
symptoms that prompted evaluation for VAM was 1 day
(range 0-4 days). A majority of institutions reported symp-
toms after the second dose of mRNA COVID-19 vaccine
(Appendix 1).

Initial Laboratory Evaluation of Patients with mRNA
COVID-19 VAM
Cardiac Biomarkers (n Responding = 54). Most insti-
tutions used cardiac troponin or creatine kinase myocardial
band (98%), use of pro-N-terminal-brain type natriuretic
peptide also was common (79%) (Appendix 1).

COVID-19 Antibody Testing (n = 54). COVID-19 anti-
body testing was performed by a majority (98%) of the insti-
tutions on these adolescents; however, a positive antibody
test was included in diagnostic criteria for VAM by only a
few (22%, 7/32) (Appendix 1).

COVID-19 Polymerase Chain Reaction, Multiples
Respiratory Viral Panel, and Viral Panel for Myocar-
ditis (n = 54). COVID-19 polymerase chain reaction
2

(PCR) and respiratory viral panel were obtained by 45
(83%) of the institutions at the time of initial evaluation of
these adolescents. Twenty-five (47%) of the institutions
also obtained a comprehensive myocarditis viral panel dur-
ing initial evaluation. Only 10 of 28 (36%) of the institutions
included negative COVID-19 PCR in the diagnostic criteria
for VAM.

Serum Inflammatory Markers, Serum Biochemistry,
and D-Dimer Concentration (n = 54). Most institu-
tions (n = 50, 93%) measured serum C-reactive protein
and erythrocyte sedimentation rate concentrations and ob-
tained a complete blood count at admission. A comprehen-
sive metabolic panel and serum D-dimer concentrations
were obtained by 45 (83%) of the institutions during initial
evaluation.

Initial Radiographic Evaluation of Patients with
mRNA COVID-19 VAM
Chest Radiography, Echocardiography, and Cardiac
Magnetic Resonance Imaging (n = 55). Forty-two
(79%) institutions obtained chest radiographs, 52 (95%) ob-
tained echocardiograms, and 26 (47%) obtained a cardiac
magnetic resonance imaging scan on adolescents with
VAM at the time of initial evaluation.

Electrocardiography (n = 55). Electrocardiograms were
obtained by all 55 (100%) institutions at the time of the
initial evaluation.

Abnormalities Considered Suggestive of mRNA
COVID-19 VAM
There was marked variability in institutional criteria for diag-
nosis of VAM. The diagnostic criteria used by the 26 institu-
tions are shown inAppendix 4 (available at www.jpeds.com).
A majority of the institutions used a combination of elevated
inflammatory and cardiac biomarkers, electrocardiographic
and echocardiographic or CMR abnormalities for diagnosis
(Appendix 4). A positive antispike COVID-19 antibody
titer was included in diagnostic criteria by only 4 (15%)
institutions (Table I). The case definitions used by some of
the institutions for diagnosis of VAM are shown in
Appendix 5 (available at www.jpeds.com).
Common electrocardiographic abnormalities thought to

be indicative of VAM included isolated diffuse ST-segment
elevation (10%) or diffuse ST-segment elevation and
T-wave inversion (58%), in addition to other nonspecific
T-wave abnormalities (23%).
Common echocardiographic and CMR findings that were

considered potentially consistent with a diagnosis of VAM
are shown in Table II (available at www.jpeds.com). Global
ventricular dysfunction, pericardial effusion, and
atrioventricular valve regurgitation were the 3 most
common echocardiographic abnormalities. A combination
of late gadolinium enhancement, myocardial edema, and
pericardial effusion was considered suggestive of VAM by
75% of the institutions.
Kohli et al
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Table I. Laboratory, electrocardiographic, and
imaging abnormalities considered suggestive of mRNA
COVID-19 VAM (n = 26)

Variables Number of institutions

[CRP/ESR 12 (46%)
[BNP or pro-NT-BNP 14 (54%)
[Troponin I or T 26 (100%)
Abnormal electrocardiogram 23 (88%)
Abnormal echocardiogram 21 (81%)
Abnormal cardiac MRI 15 (58%)
+ COVID-19 antispike antibody 4 (15%)
– COVID-19 antinucleocapsid antibody 2 (8%)
[ D-dimer 3 (11.5%)

BNP, brain-type natriuretic peptide; CRP, C-reactive protein; ESR, erythrocyte sedimentation
rate; MRI, magnetic resonance imaging; pro-NT-BNP, pro-N-terminal-brain type natriuretic
peptide.

Figure 1. A, Bed capacity of institutions across the 4 geographic regions of the US. *One institution located in the Northeast
admits to a center in the South. #The difference in bed capacity between the institutions in the Northeast (n = 10, median 141,
range 26-500), Midwest (n = 17, median 228, range 20-670), South (n = 21, median 250, range 110-550), andWest (n = 9, median
361, range 80-505) was not statistically significant (P = .11). B, Number of adolescents admitted with mRNA COVID-19 VAM vs
bed capacity. *One institution did not provide data on the number of adolescents treated. #None of the institutions reported
treating more than 25 adolescents.^None (median 34, range 20-48), between 1 and 5 (median 200, 26-670), between 6 and 10
(median 289, 48-500), and between 11 and 25 adolescents (median 324 range 80-505). The difference in the bed capacity
between the institutions that treated 1-5, 6-10, and 11-25 adolescents was not statistically significant (P = .14).
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Management
Pediatric cardiologists were involved in management of these
adolescents, most of whom were hospitalized (Appendix 1).

First-Line Therapy (n = 54). There was wide variability
in the first-line medications used to treat adolescents with
VAM. Amajority (35/54, 66%) of institutions initially treated
these adolescents with nonsteroidal anti-inflammatory drugs
(NSAIDs). The initial treatment consisted of intravenous
immunoglobulin (IVIG) at a few institutions (n = 2, 4%).
Other institutions treated with a combination of drugs
(Appendix 1). One institution reported only conservative
treatment without any specific medication. The criteria
used to determine response to therapy were highly variable
(Appendix 1).

Although corticosteroids and IVIG were indicated as the
most common second- and third-line therapeutic agents,
there was marked variability (Appendix 1).

Hospitalization (n = 49). The median upper limit of
duration of hospitalization for the illness was 4 days (range
1-21 days) while the median of the lower limit of hospitaliza-
tion for the illness was 1 day (range a few hours to 5 days)
across 49 institutions.
mRNA Coronavirus-19 Vaccine–Associated Myopericarditis in Ad
Respiratory Support
Only one institution cared for an adolescent with VAM who
required ventilatory support. Eight institutions indicated us-
ing oxygen via nasal cannula and 4 indicated using high flow
nasal cannula.

Arrhythmias (n = 50). Seventeen (34%) institutions re-
ported patients with heart rhythm abnormalities. Six
olescents: A Survey Study 3
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institutions reported at least 1 patient with premature
ventricular contractions, 5 institutions reported at least one
patient with nonsustained ventricular tachycardia, 2 institu-
tions reported patients with atrioventricular block, and 3 in-
stitutions reported a patient with sustained ventricular
tachycardia 1 of whom was treated with a beta-blocker.
One institution reported a patient with electrocardiographic
changes suggestive of ischemia.

Adverse Events
One institution reported a patient who had cardiac arrest and
required cardiopulmonary resuscitation. This patient was
supported with extracorporeal membrane oxygenation for
6 days and had normalized cardiac size and systolic function
but persistent diastolic dysfunction and diffuse late gadolin-
ium enhancement in the epicardium and mid-myocardium
of the left ventricle on CMR by day 10 of hospitalization.
No deaths were reported by any of the institutions, and no
patient was reportedly supported by Impella or a ventricular
assist device.

Recommendations Regarding Activity (n = 47). Four
institutions recommended return to full activity in <4 weeks,
5 institutions between 4 and 12 weeks, 14 institutions at
12 weeks, and 24 institutions between 12 and 24 weeks.
Thirty-two (66%) of the institutions recommended a stress
test before return to full activity (Appendix 1).
Discussion

The findings of our study, which included 57 institutions
across the US, show that there is marked variability in diag-
nosis and management of VAM in adolescents. Although
the Centers for Disease Control and Prevention has estab-
lished a case definition for this condition, most of the institu-
tions had formulated their own diagnostic criteria, which
included (in addition to receipt of mRNACOVID-19 vaccine)
clinical symptoms such as chest pain, shortness of breath or
palpitations, laboratory abnormalities such as elevated
inflammatory or cardiac biomarkers, electrocardiographic ab-
normalities, and noninvasive cardiovascular imaging abnor-
malities following administration of mRNA COVID-19
vaccine.14 Most of the institutions reported 1 day as the
threshold duration of symptoms after onset following admin-
istration of mRNA COVID-19 vaccine to consider evaluation
for VAM; however, there was marked variability in responses
(range 0-4 days). Similar variability was noted in the initial
diagnostic evaluation. Cardiac biomarkers, inflammatory
biomarkers, electrocardiograms, and echocardiograms were
obtained by most of the institutions during initial diagnostic
evaluation. However, there was more variability in using car-
diac magnetic resonance imaging, evaluating for other causes
of myocarditis, and measuring serum COVID-19–specific
antispike and antinucleocapsid antibodies.

The treatment of these patients was also widely variable. A
pediatric cardiologist was central to management of these
4

patients, with additional support from pediatric infectious
disease and other specialists at some institutions. Although
NSAIDs were the most commonly used first-line agents for
treatment of these patients, steroids and IVIG were the
most likely to be used second- and third-line agents, respec-
tively. However, marked variability was noted in the first-
line, second-line, and third-line therapeutic regimens, with
a number of institutions using drug combinations. Most in-
stitutions admitted these adolescents for evaluation and
management; however, a few managed these adolescents in
the outpatient setting with reported good outcomes.
Heart rhythmproblemswere common in these patients, with

one-third of the institutions reporting patients with new-onset
ectopy, heart block, or arrhythmia. The findings of this survey
study are consistent with the results of previous studies, which
have shown a high arrhythmia burden in adolescents hospital-
ized with acute myocarditis.15 Approximately 20% of the insti-
tutions also reported adolescents with VAM who required
respiratory support via nasal cannula. However, serious adverse
outcomes were rare with only one institution reporting an
adolescent who required extracorporeal membrane oxygena-
tion support. The overall reported incidence of myopericarditis
after administration of mRNA COVID-19 vaccine has been
estimated to be 4.2 and 32.4 per million doses administered
in female and male patients 12 through 17 years of age, respec-
tively.2,3 Although survey-based studies are not optimal to
calculate incidence or rate, among an estimated 189-465 adoles-
cents with VAM treated at 57 participating institutions
(Figure 2; available at www.jpeds.com),19 a single adolescent
was reported to have life-threatening complications. Between
December 2020 and mid-July of 2021, 9 million adolescents
aged 12-17 years received Pfizer-BioNTech’s mRNA COVID-
19 vaccine. Postvaccination adverse effects were reported in
9246 adolescents (1/1000 recipients); however, more than
90% reports filed in VAERS were for nonserious symptoms
such as dizziness, nausea, headache, and fever. Of the 863
serious adverse events, the most common reported conditions
were chest pain, elevated serum troponin concentration,
and myocarditis. Myocarditis was listed in 397 reports,
representing 4.3% of all VAERS reports. Fourteen deaths were
reported, the cause of 6 of which is still under investigation.
No direct linkage to vaccination was reported in the rest.16

Thus, the findings of this multi-institutional study are
consistent with recently published VAERS data and affirm
the findings of previous smaller reports and case-series which
suggest excellent short-term outcomes in these patients.4-10,16

In addition, because the VAERS is critically dependent on
reporting by practitioners and institutions, adverse events
can be missed due to a lack of reporting. Our data, gathered
from a large number of institutions across the US, provides
an independent affirmation of the fact that serious life-
threatening adverse events are extremely rare in adolescents
with VAM.
Previous reports have shown that electrocardiographic ab-

normalities are common in adolescents with VAM at the time
of initial diagnosis4; however, only a handful were noted to
have persistent abnormalities on 12-lead electrocardiogram
Kohli et al
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or Holter monitoring suggesting that the electrocardio-
graphic abnormalities noted in the acute phase are very likely
to resolve within a few weeks. A majority of institutions
indicated obtaining cardiac magnetic resonance imaging
and an echocardiogram at follow-up visits; however,
there was marked variability in the timing of these
investigations.

As per the current guidelines from the American College of
Cardiology, athletes diagnosed with myocarditis should be
restricted from exercise for 3-6 months to promote resolu-
tion of inflammation, especially if extensive inflammation
is noted on cardiac magnetic resonance imaging.17 Previous
studies have shown extensive myocardial involvement in ad-
olescents with VAM in the absence of significant echocardio-
graphic abnormalities.4,8,9 However, marked variability in
return to activity recommendations was noted in our study;
almost one-half of the institutions indicated allowing these
adolescents to return to full activity by 12 weeks. Only
two-thirds of the institutions indicated considering a stress
test before returning to full activity.

Despite the observed variability in diagnosis and manage-
ment, the short-term outcomes in adolescents with VAM
were good and the majority recovered completely. Although
treatment regimens differed, there was no significant differ-
ence in the lower (1.69 � 0.84 vs 2.29 � 1.3 days; P = 14) or
the upper (5.41 � 3.7 vs 4.1 � 1.6 days; P = .27) limit of
duration of hospitalization between those adolescents who
were treated with only NSAIDs vs those who were treated
with multidrug regimens. The variability highlighted by
our study is reflective of the challenges faced by clinicians
who were using their best judgement in the absence of
robust guiding data. In the short-term, our data, which
shows that life-threatening complications are extremely
rare in adolescents with VAM, is quite encouraging and
should motivate the population to receive COVID-19
vaccination.

Our study had several limitations. Because this was a sur-
vey study, data for individual patients were not sought; there-
fore, the overall accuracy of data may not be comparable with
an observational study. However, to enhance the quality of
the data, the surveys were directed to physicians who directly
participated in the care of adolescents with VAM. Several in-
stitutions had no or only a few adolescents with VAM. The
responses from these centers might indicate diagnostic and
treatment modalities which are likely to be used than the
ones that were used. A majority of the participating centers
were located in either the Midwest or the South. The re-
sponses could therefore reflect the prevailing practices in
these geographic regions. Nevertheless, given the large num-
ber of centers that participated, our study does provide an es-
timate of various diagnostic and therapeutic aspects of VAM
in adolescents across the US. If the responses of the institu-
tions that responded were fundamentally different from the
institutions that did not respond, this could bias the results.
The response rate, however, is comparable with other survey
studies that were conducted across a large geographic re-
gion.18 Because it is difficult to survey all providers, it is
mRNA Coronavirus-19 Vaccine–Associated Myopericarditis in Ad
possible that patients with mild VAM could have been
under-reported. Lastly, if the survey was completed by an in-
fectious disease physician, the recognition of cardiology pro-
tocols may have been incomplete.
Our study informs the need for consensus guidelines to

help facilitate prompt diagnosis and optimal management
of these adolescents. In addition, the findings of our study
affirm that serious life-threatening complications due to
VAM remain rare in adolescents. n
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Figure 2. Estimated number of adolescents with mRNA
COVID-19 VAM treated in different geographic regions of the
US. *Northeast (mean 40, range 20-60), Midwest (mean 95,
range 55-135), South (mean 100, range 55-145), and West
(mean 91, range 57-125). #The numbers within parentheses
indicate the number of institutions in that region. ^As of
September 9, 2021, the total number of adolescents 12
through 17 years of age vaccinated in the 4 geographic re-
gions is as follows: Northeast: 2 053 241, Midwest: 1 990 101,
South: 3 655 317, and West: 2 905 148.19

Table II. Echocardiographic and cardiac MRI
abnormalities indicative of mRNA COVID-19 VAM
(n = 29)

Abnormalities Number of institutions, n (%)

Echocardiography
Diminished ventricular function (global) 27 (93%)
Regional wall motion abnormality 5 (17%)
Abnormal strain imaging 3 (10%)
Pericardial effusion 21 (72%)
Atrioventricular valve regurgitation 8 (28%)
Diastolic dysfunction 3 (10%)
Coronary artery dilation 2 (7%)

Cardiac MRI
Late gadolinium enhancement 29 (100%)
Myocardial edema 28 (96%)
Pericardial effusion 22 (76%)

MRI, magnetic resonance imaging.
In total, 75% of institutions considered a combination of late gadolinium enhancement,
myocardial edema, and pericardial effusion to be diagnostic of mRNA COVID-19 VAM.
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